Derived value for sodium concentration of the precursor fluid, free water clearance and counts of the number of active sweat glands were determined on the forehead, forearm and back of 14 subjects. Maximal sweat rate per gland and maximal free water clearance per gland were also calculated. The sodium concentration of the precursor fluid averaged 140 mEq / L. The large variations among our subjects in the maximal sweat rate (SR max) per m 2 and maximal free water clearance (FWC max) per m 2 depended mainly on differences in the functional capacity of individual sweat gland rather than in difference in population. However, regional variation in SR max per m 2 and FWC max per m 2 in each subject depended largely on differences in the population of active sv,reat glands. A significant correlation was found between secretory (SR max per gland) and reab orptive capacity (FWC max per gland).
The secretory cells of the human eccrine . weat gland elaborate an isotonic precursor fluid . Ductal reabsorption of sodium in exces of water produces sweat whose sodium content is hypotonic to plasma (1) (2) (3) (4) . The interrelation between secretory and reabsorptive function is not known, although the ecretory process i enhanced by sweat gland training, either thermally or pharmacologically (5) , and the reabsorptive proce · · is increased after salt depletion (6) or after the administratlon of mineralocorticoid (7, 8) .
The capacity to sweat differ. greatly from person to person as does the sodium chloride content of the sweat (6) . Even within a given individual, there are regional variations in sweat rate and sodium chloride content (9, 10) . However, it has not been fully e tabli hed whether the e variations result from regional differences in the population of weat gland or from the function of ingle sweat glands within a given area or a combination of these two factors.
With these questions in mind, we have ef'timated the secretory and reabsorptive capacity of single weat glands.
Sodinm Teabsorption by the sweat duct.
The most practical method to determine ductal sodium reabsorption indirectly was originally proposed by Schwartz and Thaysen (11) and later modified by Cage and Dobson (4) . When rates of sodium excretion (y) are plotted against sweat rates (x) , an essentially linear function i obtained at higher sweat rates. An extrapolation of this straight line gives a positive intercept on the x axis and a negative intercept on the y axis. If it is presumed that all reabsorption in the duct is dependent upon active sodium reabsorption which has a transfer maximum , then the linear portion of the curv represents points which exceed this transfer maximum (11) . Since no additional reabsorp tion is occurring above this range, then the slope of this straight line must equal the sodium concentration of the secretory fluid. The negative "y" intercept would then equal the maximum rate of water-free sodium reabsorption by the duct and the positive "x" intercept would be a meas ure of the maximum free water clearance. Since the maximum free water clearance (FWC max) is proportional to maximum water-free sodium reabsorpt ion, FWC max was used as an index of sodium reabsorption by the duct in this study.
2. Sodium concentration of the precursor fluid . The sodium concentration of the precur or fluid was shown to be isotonic to plasma by Schulz et al (1) by means of a direct micropuncture technique and by Slegers (2) , who used a cryoscopic method. However , Schwartz and Thaysen (11) , with their method of analysis, found the average value in normal adults to be 56.5 mEq/ L with a range of 7 to 96 in mecholyl-induced sweat. Gibson These low values for the sodium concentration of the precursor fluid are contradictory to the observations of chulz et al (1) and Slegers (2) and almost invalidated the applicability of chwartz and Thaysen's method for estimating sweat gland function until Cage and Dobson (4) proved the validity of this method by showing the concentration of the precursor fluid of thermally induced sweat to be 137.8 mEq/ L which is distinctly in the isotonic range.
In our experience this method is satisfactory if the following conditions are fulfilled:
a. Sweat must be induced thermally since the electrolyte content of pharmacologically-induced sweat differs from thermal sweat (13) .
b. The sweat rate must be sufficiently high since even a maximal sweat rate occasionally does not achieve a linear function .
c. Any leakage of sweat into the test site from the surroundings must be prevented since this tends to lower the derived values for the sodium concentration of the precursor fluid. A leakagefree sweat collection chamber we recently developed has eliminated this difficulty (14) .
3. Experimental pTocedures. Seven teen male medical students, aged 22 to 25, were used as experimental subjects. Of these, three subjects failed to produce a sufficiently high sweat rate and were excluded from the study. humidity of 80 to 90% . Various sweat rates were obtained by increasing t he temperature, humidity and the amount of physical exercise on a treadmill. During the final 15 minut es of the test period each subject was subjected to what was considered by subjective impression of the experimenters to be a maximally tolerated stress of heat, humidity, and exercise. Most of the subjects showed the highest sweat rates at the 8th or 9th sweat collect ion period and further increases in room temperature, humidity and physical exercise failed to induce further increase in sweat rates . Three test sites were used in each subject; the center of the forehead , t he suprascapular area of the back and the center of the volar aspect of t he forearm. Aluminum chambers with an internal diameter of 2.4 em, were secured with Weldwood® contact cement to the precleansed skin of the test sites. At time zero, subjects entered the environmental room and sweat was collected ten t imes on electrolyte-free filter papers within the aluminum chambers every five minutes after an initial ten minute period. Sweat pore patterns were obtained on starch iodine paper from t he three test sites immediately after the final sweat collection. Examples of six such patterns from two subjects are shown in Figure 1 . The number of act ive glands was determined by counting t he black dots on t he starch- " .,.
<:: 2.0 iodine paper per cm 2 from various areas within each test site. At least five count ings were made on each specimen and there ults expres ed as the mean value obtained. Sweat volume was determined by weighing the filter papers in an airtigh t plastic bottle immediately before and after each sweat collection.
Sweat was diluted with deionized water and was analyzed for its sodium content by flame photome t ry. The maximal free water clearance (FWC max) and the derived values for the odium concentration of t he precursor fluid were determined according to t he model of Schwartz and Thaysen (11) .
Inmost cases, the forehead produced the highest sweat rate and was thus the most suitable for calculation of the slope of the linear portion of the curve by the me thod of leas t squares. Only a few plo ts from the forearm became linear but in more than half t he subjects, specimens from both t he back and the forehead could be used for calculating the slope. Both areas gave approximately identical results . Because of this, specimens ob tained from the forehead were used to calculate values for the sodium concentration of the precursor fluid in each subject except one (T.O. ) in whom the back was nsed . Both maximal sweat rate (SR max ) per gland (nl/ min/ gland ) and FWC max per gland (nl / min / gland ) were calcu- lated from the SR max per unit area (ml/ min / m 2 ) and FWC max per unit area (ml/ min / m 2 ) by dividing these factors by the number of active sweat glands in the correspondin g test site.
RESULT Figure 2 shows plots of odium secretion rates vs. sweat rate for the 14 subjects.
The Table lists ... scatter of the triangles is greater than the regional variation as expre sed by the size of each triangle. DISCUSSION Our data uggest that the great variation among individuals in eccrine ecretory and reabsorptive capacity i largely dependent on differences in the function of the sweat glands, per se, rather than on a difference in the number of active sweat glands per unit area. However, in any given individual, regional variations are more likely to depend on difference in the number of weat glands per unit area. Our data also demon trate that in any given individual there i a significant correlation between FWC max per gland and SR max per gland. This indicates a possible functional correlation between the reabsorptive and ecretory processe in the eccrine sweat gland which may be physiologically . ignificant since a gland with a high capacity for both sweat ecretion and sodi um reabsorption would contribute more effectively to thermoregulation with a lesser tendency to produce sodium depletion. A sweat gland producing a low sweat odium concentration and a high capacity to secrete may not be explained only by the effect of endogenous aldosterone since aldosterone suppresses sweat secretion and its effect i. · transient (7, 8) .
The only possible factor which can produce an increase in both the :::;ecretory and reabsorptive capacity of the sweat glands may be sweat gland training, that is, an improvement in performance based on past repetitive S'<veating. Ohara (10) has reported thai sweat rate and chloride reab ·orption increase during the summer in persons living in a temperate zone. High sweat rate and low sweat chloride concentrations have al o been noted in natives of the tropics (9). Thu , it is possible that the striking individual difference in weat gland performance we observed could be the re ult of differing degree of sweat gland training in our ubject .
